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SUMMARY 
90-Day Manned Test. 
Prior to delivery to the 90-Day Test site, the Electrolytic Oxygen Generator was sub- 
jected to an acceptance test, in which it operated successfully for 100 hours in a 
continuous, automatic, hands-off mode. 
The system has provisions for manual startup and shutdown, automatic safety shutdown, 
and fault diagnosis and performance monitoring by means of front panel indicators. It 
features automatic control of water balance, temperature, differential pressure, and 
gas generation rate. The design oxygen generation capacity is 8 lb/day, at a discharge 
pressure of 21-27 psig. Hydrogen is discharged at 9 psig. The outside dimensions of 
the system enclosure are 24 inches across the front, 22 inches high, and 31 inches deep. 
The unit weighs 286 pounds rully charged with electrolyte and coolant. 
The system operated successfully for 70 days and was required to furnish oxygen at 
rates up to 25 percent in  excess of its design capability. 
27 were automatic and nine were manual; 14 were attributed to system component mal- 
functions, 20 to interface problems, and two yet unknown. 
Of 36 shutdowns identified, 
The 90-Day Test and a post-test examination indicated the following design improvements: 
0 Incorporating an automatic startup to minimize the man/machine interface 
0 Reducing the system sensitivity to downstream pressure pulses by providing 
an improved electrode-matrix configuration in the electrolysis cells 
0 ivichral, self-contained 
* 
1. 
In the design phase, a completely gravity-independent approach was evolved; but devel- 
opment problems and delivery schedule precluded incorporation of the closed reservoir 
device. The device was subsequently demonstrated successfully in another program. 
ix 
Section 1 
IMTR ODUC TION 
In 1970, a 90-day oper W a s  P d under r c  S 
in order to further the technology base for extended manned space missions (Contract 
NAS1-8997). 
Douglas Astronautics Company (MDAC) , Huntington Beach, California. The Environ- 
mental Control/Life Support System (ECLSS) for this test included several new life sup- 
port subsystems as well as previously demonstrated subsystems integrated in a total 
system. Among the objectives of the 90-Day Test was the determination of long-term 
operating characteristics of the individual subsystems. 
This test was conducted in the Space Station Simulator (SSS) of McDonnell 
The program described herein was concerned with a water electrolysis subsystem, 
which was provided as a backup for the primary McDonnell Douglas electrolysis system 
as a part of the ECLSS. This Electrolytic Oxygen Generator, a circulating-electrolyte 
type water electrolysis system, was procured by NASA/L;RC for this purpose and 
designed to be suitable for operation and integration with the ECLSS either inside or 
outside the SSS. An extensive test experience with the circulating electrolyte technique 
in programs representing over 65,000 hours of cumulative test time on single cells, 
cell modules, and complete prototype systems has greatly facilitated the.design effort. 
The first prototype circulating electrolyte water electrolysis system, which was inte- 
grated into a regenerative life support system in 1965, operated successfully during a 
5-day manned and a 30-day unmanned test.2 The capability of generating nitrogen 
admixed with the oxygen by the controlled addition of hydrazine to the basic circulating 
electrolyte system was experimentally demonstrated in single cells in an initial feasi- 
bility program. 39 * Subseq 
pressure and oxygen partial p 
leakage loads. 5 9  
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The program to design, fabricate, test, and deliver the Electrolytic Oxygen Generator 
was accomplished in a 4-month period, as shown in Fig. 1.  The system was initially 
configured as a completely gravity-independent unit. Development problems with the 
aked 
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Fig. 1 Ninety-Day Test Program Schedule 
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The Electrolytic Oxygen Generator was subjected to a 100-hour acceptance test, 
delivered to MDAC, and installed for the 90-Day Test outside the SSS with interface 
safety monitoring and to indictate system performance. The design oxygen output 
capacity of the system wm 8 lb/day at a discharge pressure of 21-27 psi& The 
hydrogen discharge preseure wm 9 psig. 
The system operated successfully during 70 of the 90 days. After  the 90-Day Test was 
concluded, the Electrolytic Oxygen Generator was subjected to a post-test evaluation. 
The results of the QO-Day Test and the poet-test evaluation have been used as a basis 
for recommendations for design and operational improvements in the system to enhance 
its potential flight worthiness. 
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2.1 ELECTROMECHANICAL COMPONENTS 
A schematic of the Electrolytic Oxygen Generator is shown in Fig. 2. The concepts 
employed in the system design include the use of dual-matrix, liquid center electrolysis 
cells with a circulating 30% potassium hydroxide electrolyte. The outside dimensions 
of the system enclosure are 24 inches across the front, 22 inches high, and 31 inches 
deep. The unit weighs 285 pounds fully charged with coolant and electrolyte and 
redundant components. 
2.1.1 Electrolysis Modules 
The generating unit consists of three electrolysis modules and a spare in-line module. 
Each contains 16 cells, connected hydraulically in parallel and divided electrically into 
two eight-cell banks. Cells within an eight-cell electrical bank are connected in series. 
Peripheral manifolding within the module provides separate paths for electrolyte cir- 
and hydrogen discharge, and nitrogen purge. By differential pressure 
control, the gas-liquid interface in the absorbent matrices contiguous to the electrodes 
is maintained to achieve phase separation. 
2.1.2 Electrolyte Circulation 
electrolysis modules. The el 
paths leading to the electrolysis modules. Flow control valves in these lines are 
used to balance the flowmeters. Valves in the electrolyte discharge lines from the 
modules are provided so that a disabled module can be isolated from the circulation 
loop. During normal operation, these discharge valves are fully open. 
2 -1 
Downstream of the discharge valves, the electrolyte is manifolded together and enters 
the electrolyte reservoir to be returned to the pump. Reference pressure is utilized 
an exkemd 
manually adjustable flow control valve, and solenoid valve, 
2.1.3 Gas Interfaces 
Hydrogen is delivered from the electrolysis modules at approximately 9 psig. Oxygen 
discharged from the electrolysis modules at approximately 9 psig is pumped to 21-27 
psig by means of a diaphragm pump. A pressure regulator across the pump maintains 
the pump suction pressure at 5 psig. 
Nitrogen purge is provided to maintain gas-liquid differential pressure during startup 
and interim shutdown. When this function is actuated, whether manually or automati- 
cally during safety shutdown, inlet and outlet solenoid valves in the hydrogen and oxygen 
discharge lines open, allowing nitrogen to flow through the oxygen and hydrogen chambers 
of the electrolysis modules. A micrometer valve is used to adjust the nitrogen flow rate. 
2 , 1.4 Internal Controls and Displays 
The internal controls, which are manually adjustable, and displays are listed in Table 1 
and portrayed in Fig. 3 through 6. 
2 -2 
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Fig. 2 System Schematic 
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Fig. 6 Top-View of Electronics 
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2.2 AUTOMATIC CONTROLS 
cluded in Appendix A. 
2 . 2 . 1 Temperature Control 
Control of the elwtrolyte t erature, necessary because of the waste b a t  generated 
in the electrolysis reaction, is accomplished by using a tbrmostat in the electrolyte 
. discharge line from the modules to provide a control signal to a coolant solenoid valve. 
On demand, the solenoid valve opens to allow coolant to flow through the electrolyte 
heat exchanger. The flow rate is set with a mmual valve. Control of the electrolyte 
temperature also provides control of the dewpoints of the generated oxygen and hydro- 
gen. The thermostat provided in the Electrolyte Oxygen Generator has a switch-closure 
setting of 75OF. During normal operation, the dewpoint of the product oxygen will be no 
greater than 75OF and the hydrogen dewpoint will be approximately 40°F. 
The continuous coolant flow to the electronics cold-plate is regulated with a manually 
set valve. 
2.2.2 Water Feed System 
Water balance in the circulating electrolyte is maint ed by controlling the electrolyte 
volume. Two floats in the electrolyte reservoir actuate high- and low-level switches 
P* 
tuated, the water-feed solenoid valve opens, and the 15-second water-feed timer starts 
(according to a preset maximum feed time). The flow control valve is then set to deliver 
sufficient water in approximately 5 seconds. A s  water fills the reservoir, the liquid 
levels rises and the floats reach the upper limit of the control band. At this point, the 
2-10 
water pump is shut off, the solenoid valve closes, the 15-second timer resets, and 
another timer which is preset for 5 minutes starts. During this period, the water-feed 
signal. is overridden SO that another water feed cannot occur 
canister contains a particulate filter. 
2.2 e 3 Differential Pressure 
Two differential pressure controllers mounted on each module are set to control the 
hydrogen and oxygen pressures at 25-inch H20 above the electrolyte pressure in order 
to maintain gas-liquid phase separation. Each A P  controller is essentially a valve in 
operating principle with a spring-loaded valve stem attached to a rolling diaphragm. 
The valve seat is adjusted so that 25-inch H20 higher pressure on the gas side of the 
diaphragm than on the liquid side is required to overcome the spring and open the valve. 
. 
2.2.4 Current Regulation and Oxygen Output Control 
Each electrolysis module is provided with a current controlled switching regulator to 
control the DC input. Oxygen output is a direct function of the current value, which is 
selected by digital command (positive digital logic) according to the following: 
Control Signals Current Amperes 
A B C 
(on/off) . (high/low) (standlq) 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 
0 
0 
0 
4.5 
4.5 ’ 
12.0 
Undefined 
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These currents are maintained over a module voltage range of 13.5 to 17.5 volts and 
a supply voltage range of 25 - 31 volts with an efficiency greater than 75 percent. 
manually operated at either high or low current. In the normal automatic mode of 
operation, a preseure switch in the oxygen discharge line determines the high or low 
current value. In this latter mode, all modules that are on will automatically switch 
to the low current value at 27 psig and to the high current value at 21 psig. 
The current controlled switching regulation is accomplished by a control circuit, 
.mounted on a plug-in circuit board and the external power circuitry. 
Each control circuit board contains two identical control circuits. Figure 7 is a control 
circuit block diagram. 
FROM 
CURRENT 
SENSING VOLTAGE 
CONTROL 
CURRENT RESISTOR 
SOURCE SHUNT 
I I--- 
MULTIVIBRATOR CONTROLLED CONTROL 
MONOSTABLE 
MULT IVI BRATOR 
+28v GND FROM TO FROM CURRENT 
EXTERNAL POWER CONTROL LOGIC 
SQUARE CIRCUIT 
WAVE 
SUPPLY 
POWER 
SUPPLY 
CONTROL 
FROM ON/OFF 
CONTROL LOGIC 
Fig. 7 Control Circuit Block Diagram 
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The power supply is regulated power for all blocks except the voltage controlled current 
source. An input signal from the on/off control logic disables the power supply, which 
stops drive signals to the power circuitry. 
buffered and used to drive the power circuitry. 
The voltage controlled current source has two input signals, the voltage across the 
current sensing resistor, and the current from the current control circuit. The output 
is a current proportional to the difference between these two signals. This output 
controls the power circuit duty cycle through the current controlled monostable 
multivibr at or. 
The current control circuit provides three levels of control current for the voltage 
controlled current source - a standby level and two higher current levels as controlled 
by current control logic digital signals. Figure 8 is a schematic diagram of the power 
circuitry. 
28 v RETURN - 
Fig. 8 Current-Regulating Power Unit 
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The signal from the current controlled monostable multivibrator switches transistors 
Q11, Q12, and Ql3 on and off through driving transistor QlO. When the transistors 
a re  switched on, the current steadily increases through coil L and the load. When 
creases. Thus, average current. 
DEi 
A summary of the circuit operation is as  follows: The cell current is sensed by the 
current sensing resistor and compared with the current control circuit signal. The 
difference (error) changes the monostable multivibrator , thus changing the duty cycle 
of the power switching circuitry and correcting the load current to reduce the error. 
Figure 9 is a schematic diagram of the control circuit. Gates G1 and G2 form the 
astable multivibrator. Q1 buffers the output to the power circuitry. Amplifier A 1  
forms the voltage controlled current source, Q5 is the current source for the current 
control circuit, and Q2, Q3, and Q4 provide current control by switching in different 
emitter resistance for Q5. Q9 acts a s  a low value current source for zener diode D5. 
The zener voltage is used a s  the base reference for Q5 and also for Q6, which provides 
power to the digital circuits. Q7, QS, and D4 are  used to disable the power supply 
when the on/off control signal is off or low. 
6 
J 
6 6 
H.R. 19 17 
c, L D,M 
Fig. 9 Switching Regulator Control Circuit 
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2.2.5 Front Panel and Displays 
switches do not. The indicator and switch color codes are a s  follows. Green indicates 
a normal condition, yellow indicates an abnormal condition or caution status, and red 
indicates an unsafe condition. During normal automatic operation, only green lights 
or  nonilluminated lights should be visible. 
Fig. 10 Front Panel Controls and Displays 
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2.2.5.1 Safety Status, The module temperature indicator and logic can display two 
d 
a. The second 
temperature warning could not be used. 
The next safety status indication is excess hydrogen gas pressure, If the hydrogen 
gas pressure in the discharge manifold exceeds 13 psig, the indicator is illuminated 
in red and the system is automatically shut down, The next safety status indication is 
excess oxygen pressure. If the oxygen gas pressure in lines discharging from the 
cells but upstream of the oxygen supply pump exceeds 13 psig, the indicator is illumi- 
nated in red and the system is automatically shut down. The next safety status indica- 
tion is electrolyte volume. If the electrolyte level rises to near the top or drops to 
near the bottom of the reeervoir (~t approximately 3 percent of total electrolyte vol- 
ume), the indicator is illuminated in red and the system is automatically shut down. 
The next safety status indication is hydrogen detected in the cabinet. If the hydro- 
gen detector senses a hydrogen concentration of 0.8 percent by volume, the indicator 
is illuminated in red and the system is automatically turned off. 
2.2.5.2 Safety Controls. The safety controls are located below the module tempera- 
ture displays. The first control is the system reset. When the system is de-energized, 
either automatically or by interruption of the 60-Hz power supplied to the unit, the 
reset switch lamps are'de-energized. Before the system can be restarted, the re- 
set switch must be depressed and illuminated in green. If the safety condition that 
One important factor in the operation of the reset switch is that when the switch is not 
illuminated, the remaining control switches indicate the switch position, not the status 
of the component, This is done to allow the operator to know what components will be 
2-16 
energized when the reset switch is actuated. When the reset is off, the electrolyte 
pumps, the water feed system, and the electrolysis modules are de-energized. 
not illuminated, the module nitrogen purge solenoid valves are open. When the reset 
switch is illuminated, the nitrogen purge solenoid valves are closed except when the 
nitrogen purge switch is illuminated in yellow. 
2.2.5.3 System Controls and Displays, The group of controls located to the operator's 
right of the safety controls and status indicators are for the electrolyte pump, oxygen 
pump modules, water feed system, and coolant supply to the heat exchanger. The 
electrolyte pump switch operates the pump selected by the adjacent switch. The oxy- 
gen pump switch operates the oxygen pump, The module switches energize the four 
electrolysis modules. The first three modules have two switch positions: off and on. 
The fourth module switch haa three positions: off, standby, and on. The function of 
the standby mode is discussed in connection with the current mode selector. The next 
control and indicator is for the water feed system (H20 pump), The water feed system 
has two modes of operation: automatic and off. The Micator located above the water 
feed system icates when the pump is operating and feeding water to the system. 
The indicator of coolant flow to the electrolyte heat exchanger is located adjacent to 
the water feed system control. This is an entirely automatic function, with no front 
panel control. 
Located below the s s are  the current mode controls and displays. 
3 and three modes for 
be is 
ill 
When the auto/manual switch is in the auto mode, the high/low'switch has no control 
over the current mode and its indication should be disregarded. The indicator located 
the current mode is s 
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below these switches always displays the actual current mode. When automatic 
operation is selected, the auto portion of the auto/manual light will be illuminabd in 
cated below the i- 
The fourth module has the same current modes as  modules 1, 2, and 3. In addition, 
it has a standby mode for selecting a fixed low current that is not controlled by the 
current mode controls. 
2.2.5.4 Voltage and Current Monitoring. The voltage and current displays located 
to the right of the current mode control present current for the individual modules, 
module voltage, and all of the cell voltages. 
The four modules are each electrically divided into two 8-cell banks, designated A 
and B. The voltage and current for banks A and B can be selected with the rotary 
switch located below module current and voltage meters. 
The individual cell voltages for each bank can be observed by placing the rotary switch 
below the cell voltage meter on the desired bank and selecting the desired cell within 
that module with the digital selector switch. 
2.2.5.5 Circuit Breakers. On the lower left-hand side of the panel are located the 
power circuit breakers. The first four circuit breakers control the 28-voIt DC power 
to the electrolysis cell modules. The next circuit breaker controls the 115-volt, 
60-Hz power for the electrolyte pump, oxygen pump, and all controls and displays. 
All  DC power required by the unit other than that required for electrolysis is gener- 
2.2.5.6 Cabinet Purge. Depressing this switch which is located adjacent to the cir- 
cuit breakers, energizes the cabinet nitrogen purge solenoid. When the solenoid is 
energized, the switch is illuminated in red. 
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2.3 SAFETY CIRCUITS 
logical fffalseff state, these inhibit gates command the system to the "off" condition. 
Thus, normal syetem operation depends on a logic true "operateff si 
ateff signal is derived from the F output of a nongate memory latch, identified as  21 on 
card W2. The circuit is normally in a reset condition and gets set by initiation of a 
shutdown signal. Switch 52 provides a manual override of the shutdown signal for 
module startup purposes. The shutdown signal is derived from nongate circuitry, 
which continuously monitors the following safety circuits: (1) module temperatures, 
(2) O2 and €$ safety pressure, (3) H2 detector, (4) electrolyte volume, and (5) inter- 
ruption of 60 Hz power. E safety circuit except for item (5) above has its own 
memory latch, which allows the system to remember what type of malfunction caused 
the shutdown, The input to these memory latches is driven by the safety sensors. 
When m out-of-tolerance c?opldltlcyI1 exists, the respective latch is set, A reset condi- 
tion can be obtained by depressing the system reset button 51. Circuit diagrams are 
included in Appendk A. 
1. The "oper- 
2.3.1 Module Temperature 
A temperature sensor is located in each module, in contact with an end electrode. 
These thermostats have a mitch-closure at 100°F. Any one of the four temperature 
mnsors can actuate the . 
The oxygen and hydrogen discharge lines from the mor3ules each contain a pressure 
switch set to actuate automatic shutcrown if the pressure reaches approximately 13 psig. 
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2 .3 .3  Electrolyte Volume 
Switches located at the top and bottom of the ele 
re 
in 
2 . 3 . 4  Hydrogen Detector 
A hydrogen detector located directly over the electrolysis modules will signal automatic 
shutdown if the hydrogen concentration reaches 0.8  percent. 
2 3.5 Power Interruption 
The loss of the 115-VAC, 60-Hz power input to the unit, even if momentary, will auto- 
matically put the system in the shutdawn mode, from which it will have to be manually . 
res tart ed. 
2 . 4  SYSTEM INTERFACE REQUIREMENTS 
The service requirements for the operation of the Electrolytic Oxygen Generator are  
the following-: 
Feed water 
Temperature 
Pressure 
Solids 
Conductivity 
Coolant 
Fluid 
Temperature 
Flow rate 
Nitrogen 
Pressure 
Power 
60 - 80°F 
610 psig 
6100 ppm 
680 pmho/cm 
water 
40 k4'F 
1 fE;pm 
70 psig 
28 zt3 VDC 
115 VAC, 60 Hz 
208 VAC, 400 Hz, 3 phase 
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The system was designed to deliver oxygen at an average rate of 8 lb/day at a pressure 
range of 21 -27 psig. The hydrogen is delivered at approximately 9 psig. 
with 1/4-inch male connectors. The oxygen, hydrogen, nitrogen purge and vent lines, 
located on the left-hand side at the top, are provided with 1/4-inch male Swagelok 
connections. 
The electrical interface is located on the left-hand side near the front of the unit. The 
interface consists of the connections P28 - 528, P400 - 5400, and the junction half of 
51, Pin assignments for these connectors are included in Appendix A. 
2-21 
section 3 
SAFETY REVIEW 
3.1  NONMETALLIC MATERIALS 
Because of the concern in a manned test for flammability and toxic off-gassing of non- 
metallic materials, a careful analysis was made of these materials and how they were 
to be used in the Electrolytic Oxygen Generator. 
3.1.1 Nonmetallic Materials Summary 
All of the nonmetallic materials used in the Electrolytic Oxygen Generator are item- 
ized in Table 2, in which the location, type of material, and estimated weight are in- 
dicated. Stainless steel housings were used throughout the system to provide fire 
protection. 
3.1.2 Nonmetallic Materials Tests 
Flammability and off-gassing tests were conducted on plastics that constituted the 
major amount of nonmetallic materials in the system. The results of these tests are 
given in Table 3. 
3.2 FAILURE MODES AND EFFECTS ANALYSIS 
effects analysis, gi 
~f a 
icated that no 
. 
3-1 
a, 
c, c, 
3-2 
h 
0 
.rl 
c 3 
4 w H X  8 
3-3 
3-4 
Table 3 
NONMETALLIC MATERIAL TESTS SUMMARY 
F1 
EPOXY 0.25 Inches/Second Completely Consumed 
Poly sulfone Self - Extinguishing Flame out in two seconds - 
no dripping 
Off-Gassing Test Results Summary 
Material Products Rat e Allowable* * 
Poly sulfone Total Hydrocarbon 4.2 pgm/g.m 100 Clgm/gm 
All  Others 1 Clgm/gm 10 pgm/gm 
Carbon Monoxide 0.82 pgm/gm 25 pgm/gm 
*Modified ASTM D635 Procedure in which sample is held at 60° to the horizontal. 
Tests run in air. 
**Reference - MSC-D-NA-002 
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3.3  RELIABILITY ANALYSIS 
available only for flight hardware and not for the commercial components used in the 
unit. For this reason a realistic total system reliability number could not be deter- 
mined. This limited reliability analysis was used, however, to determine redundan- 
cy and spares provisioning. 
The following components were considered in the analysis and were spared or made 
redundant as  indicated. 
Electrolysis module 
Electrolyte pump 
Solenoid valves 
Water pump 
Current controllers 
Mag'netic reed switches 
Temperature sensors 
Miscellaneous fittings and O - I ~ W ~ S  
Pressure switch 
in-line redundant 
in-line redundant 
r epla'cea ble spares 
replaceable spar e 
replaceable spar e 
replaceable spares 
replaceable spares 
replaceable spares 
replaceable spares 
These components were considered to be easily maintainable/replaceable by the SSS 
crew members. Other components which would have been more difficult to replace, 
except by trained personnel, were not included. 
3.4 
Sowrces of al sparks in the were evaluated, 
the resuits shown in Table 5. 
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4.1 CHECKOU 
The Electrolytic Oxygen Generator, in its initial configuration, was of a zero-pavity 
design. It consisted of a closed-reservoir volume control unit, an in-line bubble sep- 
arator, and high performance (11,000 rpm) electrolyte pumps. 
During the system checkout testing, the closed reservoir, which contained a spring to 
provide system pressure, was found to give an unacceptably high pressure rise over 
the water feed control band. Overpressure in the electrolyte system resulted in fail- . 
ure of the bubble separator. 
The problem with the closed reservoir was at the spring was not of the correct di- 
ameter and was ing at the water feed control position. It was not possible with- 
in the program delivery schedule to obtain a replacement spring or to rebuild the 
bubble separator. To maintain the program schedule, the 
level water feed control system and a pneumatic system pressurization were used. A 
new spring of the correct size was subsequently installed in the closed reservoir under 
another program, and both components have been successfully operated in a laboratory 
model system. 
o-gravity reservoir and 
arator were replaced with a laboratory model reservoir in which a 1 
One of the high-performance 
given in Section 2. 
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The i ~ t i a l  confi ation of the nitrogen purge inlet to the modules consisted of a man- 
s. me leg of t b  
sure check valve in each leg of the N2 purge line branch to the modules. This change 
is refleded in the schematic in Figure 2. Subsequent gas analyses &owed no mixing 
of hydrogen and oxygen in this line. 
4.2 ACCEPTANCE TEST RESULTS 
The Electrolytic m g e n  W e r a t o r  was subjected successfully to a 100-hour continuous 
test prior to delivery to the 90-Day Test site. The performance and service require- 
ments for this test are gfven in Table 6, in which 90-Day Test requirements are also 
shown for reference, The acceptance test configuration is shown in Fig. 11. Opera- 
tion of the system was completely automatic. An average oxygen output of 8.0 lb/day 
was achieved with automatic cycling of the output between 3.5 and 10 lb/day to main- 
tain the pressure in an accumulator between 21 and 27 psig. Hydrogen was discharged 
at approximately 9 psig. 
Gas analyses were made every 4 hours during the test of samples from the oxygen and 
hydrogen effluent streams. A t  the end of the test, the system was sealed in a plastic 
bag and allowed to stand for 64 hours. Gas samples were then taken from the inside 
of the bag and analyzed. A summary of the gas analysis results is given in Table 7. 
Within the sensitivity of the instruments used in the analyses (gas chromatograph, LR, 
and mass spectrometer), these results indicate gas purities to be: 
System outgassing: 
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Table 6 
ONE-HUNDRED-HOUR TEST CONDITIOEPS 
Performam e Requirements 90-Day Test 
Oxygen output 
Capacity 
Purity (exclusive of water vapor) 
Admixed hydrogen 
Discharge Pressure 
Hydrogen output 
Purity (exclusive of water vapor) 
Admixed oxygen 
Discharge pressure 
Services Requirements 
Feed Water 
Temperature 
Pressure 
Solids 
Conductivity 
Coolant 
Fluid 
Temperature 
Flow Rate 
Nitrogen Purge 
Pressure 
vent 
Power 
8 lb/day 
99.7% 
so. 1% 
20-27 psig 
99.3% 
so. 2% 
27 psig 
75'F 
e10 psig 
el00 ppm 
<80 mho/cm 
Water 
40' f. 4OF 
1 a m  
70 psig 
AnnulUe; 
28 f 3 Vdc 
115 Vac, 60 Hz 
100-Hour Test 
8 lb/day 
99.7% 
so. 1% 
20-27 psig 
99.3% 
so. 2% 
27 psig 
75'F 
3 psig 
distilled 
water 
Ethylene glycol 
40' f 4'F 
1 gPm 
70 psig 
Ambient 
28 2t 3 Vdc 
115 Vac, 60 Hz 
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Fig. 11 Acceptance Test Configuration 
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P 
Gas Sstmple 
Oxygen effluent from system Total Hydrocarbons $20 ppm (l.s.)* 
during acceptance test Carbon Monoxide 6.6 f0.2 ppm 
Hydrogen 80.05% (1.8.) 
Nitrogen 0.093 f 0.16% 
Methane S2 ppm (1.s.) 
Hydrogen effluent from system Total Hydrocarbons s20 ppm (1.s.) 
during acceptance test Carbon Monoxide 92  ppm (1.s.) 
0.068 f .007% 
0.38 f .04% Nitrogen 
Methane S2 ppm (1,s.) 
Sulfur Dioxide 10 PPm 
ctxygen 
System Outgassing** Total Hydrocarbons S20 ppm (1.s.) 
Carbon Monoxide I 2  ppm (1. s.) 
Methane $ 2  ppm (1.s.) 
* Limit of sensitivity 
**After 64 hours of offgassing 
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5.1 INSTALLATION 
The Electrolytic Oxygen Generator was delivered to the McDonnell Douglas facility in 
Huntington Beach, California, and initially installed inside the Space Station Simulator 
(SSS) . 
Connections were not made to the H2 accumulator, O2 accumulator, and annulus vent 
lines during the preliminary checkout of the electrolysis system. The sequence of 
events, problems encountered, and corrective actions taken are summarized as follows : 
0 High current (>20 amps) to d e  1 was observed on startup. 
The problem was traced to -talk in the wiring carrying 
control signals to the Module 1 current regulator. The wiring 
was rerouted to eliminate this problem. 
0 The primary McDonnell Douglas 28-VDC power supply was found 
to be unstable under full current load. The backup power supply 
operated .satisfactorily. 
0 Hermetically sealed mercury thermostats used in the water electrolysis 
system to control the electrolyte temperature and to provide over- 
temperature protection of the system were rejec 
chamber. Bi-metallic thermostats were procured as replacements. 
0 After the new aermostats were installed, connecti 
contained liquid potassium hydroxide. A check valve 
line in the electrolysis system prevented this liquid f 
for use in the 
ing, attributed to the stress caused by the hydraulic hammer. A new 
heat exchanger was fabricated and installed to replace the failed unit. 
Additional control logic circuits were added to provide a time-delay in 
the coolant solenoid signal from the control thermostat. 
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0 The liquid-liquid heat exchanger provided in the SSS was found to be 
undersized and to provide inadequate cooling of the electrolysis system. 
or as the primary unit supplying the SSS. 
5.2 SYSTEM STATUS SUMMARY 
The status of the Electrolytic Oxygen Generator during the 90-Day Test is shown in 
Fig. 12. As the primary unit, the system was supplying the manned chamber with 
.metabolic oxygen, and hydrogen for the Sabatier reactor. It was using chamber feed 
water. In the standby mode, the system was fully operational but not being used to 
supply the chamber. Total operating time of the system was 70 days of the 90-Day 
Test period. 
I 
0 
Fig. 12 Ninety-Day Test System Status 
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Fig. 13 Ninety-Day Test System Electrical 
Performance 
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5.3 PERFORMANCE DATA 
in 
The average oxygen production rate for the period of each day that the system was 
operating was computed by summing the ampere-hours for each cell in the high and low 
current modes. Elapsed time in the high and low modes and the module currents were 
taken from the MDAC log sheets. Faradaic conversion of ampere-hours to pounds per 
day of oxygen was made. The results of these computations are shown in Fig. 14. 
The dark line in this figure represents the design output of the unit. Oxygen output was 
not an internal function; it was determined by the demand of the chamber oxygen accu- 
mulator. It can be seen that on four occasions the design point maximum output of 10 
pounds per day was actually exceeded. 
20 
Z 
Z 
8 4 -  
TEST DAY 
Fig. 14 Ninety-Day Test System Oxygen Production 
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5.4 FAILURE ANALYSIS 
lt8ilumta of %e 
a subsequent electrolysis system failure, The period of time thoat the unit was off is 
also indicated in the table; this was not the time required for maintenance, since on 
some occasions, time was required 20 obtain purchased replacement parts. 
None of the failures that occurred during the 90-Day Test was major in nature; the 
failures were primarily associated with accessory components and, in most cases, are 
attributable to the accelerated program under which the system was fabricated and 
delivered. The following examples are cited: 
0 The use of shielded wiring in the current control circuits would have precluded 
the loss of current control noted in Table 80 Teflon-coated shielded wire could 
not be obtained in time to meet the delivery schedule. 
0 The overtemperature switches initially provided with the unit were of a type 
that had been used 
demonstrated, These sensors were hermetically sealed mercury switches. 
They were rejected for use in the MDAC facility and non-mercury replace- 
ments had to be obtained. The only type of switch that could be used without 
altering the control logic circuitry was the bimetallic type. These proved to 
be unreliable and on four occasions failed closed. 
ensively in the laboratory and whose reliability had been 
More significant than the component failures noted in Table 8 is the complete absence 
of any failures attributed to the basic water-electrolysis concept used in this system. 
There were no failures related to the water feed control, temperature control, phase 
separation control, o r  the gas output control. 
in Section 60 3. 
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Section 6 
POST-TEST EVALUATION 
6.1 PERFORMANCE CHECKOUT 
After the conclusion of the 90-Day Test, the Electrolytic Oxygen Generator was 
received from McDonnell-Douglas for post-test evaluation. The condition of the sys- 
tem, as received, is nuted by the following: 
0 A 1/4 Swagelok union fitting on the outlet of the electrolyte flowmeter to 
module 4 was found sheared on the tapped-hole side. This failure occurred 
after the 90-Day Test was completed. 
0 The N2 purge solenoid on the H2 outlet side was failed closed. 
0 The back-pressure regulator across the diapump was failed open. 
0 The relief valve on the reservoir pressurization system was stuck closed. 
0 The diapump was inoperative. 
0 A leak in the temperature control semor housing was detected. 
These items were repaired or replaced as required. Samples of debris and corrosion 
products in these components were bagged and labeled for subsequent chemical analysis. 
The system was started up and operated in the automatic mode for approximately 4 
hours. All controls and all four electrolysis modules were exercised and showed satis- 
factory performance. 
6.2 COMPONENT EXAMINATION 
tion 6.1), disassembly parts was performed. 
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6.2, f Mechanical Components 
checked; no leaks were detected. Upon disassembly, several of the control- 
ler parts were made of polyphenylene oxide were found to have fractures and 
cracks. This indicates ulat this plastic is not entirely Batisfactory for use in 
these devices, Stainless steel is recommended as a suitable substitute. 
Some of the controller bwe-plates made of polysulfone also showed evidence 
of stress-cracking; on inspection, however, it appeared that these stresses 
were the result of excessive localized machining temperature during fabrica- 
tion and not an inherent wedmess of the material. 
anister and filter - A light brown deposit was found on the 
and a sample was taken for subsequent chemical 
analysis. The ion-exch resin, which contains a color indicator of bed 
been approximately 25 percent expended as a 
result of the operation during. the acceptance test the 90-Day Test; the 
bed had a capacity for 5 times &e feedwater contaminant level given in the 
system specification, 
0 Reservoir - The reservoir was found to be in good condition. Some degrada- 
tion of the silicone PO 
was detected, bat the 
0 Electrolyte pumps - Both electrolyte pumps were in good condition, with no 
evidence of wear or corrosion. 
0 Heat Exchanger - The heat exchanger w m  not disassembled; leak checking 
indicated the seals were still intact and in good condition. 
sed to encapsulate the float magnets 
been affbcted, 
6.2.2 Electromechanical components 
E ation of the el 
0 The malfunction of module 1 current regulator was  determined to be due to 
stray magnetic fields induced into the signal input lines by physically paral- 
leled output current lines. The fact that nodule 1 signal lines were longer 
than the signal lines for the other three module current regulators made it 
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more susceptible to interference. The magnetic fields set up by the reactors 
caused a small amount of crosstalk. Absence of shielded wires  and lack of 
shields around the reactors contributed to the problem. 
6.2.3 Chemical Analyses 
Samples were taken at various points as the system was disassembled and the com- 
ponents were  taken apart. The complete chemical analyses of these samples are given 
in Table 9, which also includes the locations from which the samples were taken and an 
evaluation of the chemical analysis results. 
6.3 DESIGN AND OPERATIONAL INTERFACE EVALUATION 
In the 90-Day Test log presented in Appendix B, 36 shutdowns of the Electrolytic 
Oxygen Generator are identified. Of these, 27 were automatic shutdowns and nine 
were manual. These shutdowns are grouped by cause as follows: 
Interface problems 20 
System component malfunctions 14 
Unknown causes 2 
The interface problems, which are of concern in this Section, are grouped in the 
following categories : 
Power supply 7 
Man- machine 5 
6 
2 
C of the MDAC facility ro- 
lysis modules occurred on at least seven occasions. While these shutdowns caused no 
damage to the system, they did increase the operator involvement with the unit. Each 
shutdown required a manual startup, with the associated potential for procedural error. 
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Table 9 
CHEMICAL ANALYSIS STJH1MARY 
Sample IR Analysis 
A Oxides 
B Sulphates 
Carbonates 
Oxides 
Organic oil (trace) 
Carbonates C 
D 
E 
Oxides 
Silicone grease 
Hydroxides 
Carbonates 
Major: 
Minor: 
Trace: 
Major: 
Minor: 
Trace: 
Major: 
Minor: 
Trace: 
Major: 
Minor : 
Trace: 
Major: 
Minor: 
Trace: 
chromium, iron 
nickel, aluminum 
copper 
aluminum, potassium 
chromium, silicon, iron, 
zinc, nickel 
copper 
cadmium, potassium 
lead, silicon, iron, 
aluminum, nickel, zinc 
aluminum 
potassium, copper 
chromium, iron, nickel 
potassium, copper, silicon 
aluminum 
magnesium, nickel 
si-, silicon 
A. 
B. 
C.  
D. 
E. 
Black deposit in H2 purge outlet solenoid valve: The chemical analysis indicates 
corrosion of the stainless-steel valve body. The source of the chemical attack is 
not evident; no potassium was detected in the analysis, 
Sample from the diapump check valve and diaphragm: The pr ce of potassium 
in sample indicates chemical attack by potassium hydroxide. re is evidence 
that problems with startup and shutdown may have at some time caused electrolyte 
to be pushed into pump. 
White deposit on back pressure regulator across 0 2  pump. Same as B. 
sh stainless-steel screen, was located 
in the analysis probably origi 
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Of the five shutdowns attributed to man-machine interface problems, three were due to 
incorrect startup procedure, one to incorrect manual shutdown procedure, and one to 
a simplified procedure was prepared and posted on the equipment and in the test con- 
ductor's logbook. 
Shutdowns resulting from problems with the interface coolant supply were in two in- 
stances caused by failure of the MDAC facility chiller. In the other four cases, the 
coolant supply temperature was too high. The Electrolytic Oxygen Generator design 
interface requirement for coolant was 1 gpm at 400 f 4OF. The temperature require- 
ment was not met; coolant supply temperature during the test was a minimum of 580F, 
and on a number of occasions was even higher. This problem of insufficient cooling 
capacity was compounded by the excessive (over-specification) demand for oxygen. 
Four additional overtemperature shutdowns were attributed to drift in the overtem- 
perature switch settings, and these shutdowns are included in the group of 14 shut- 
downs caused by !lsystem component malfunctions. !' 
Excessive pressure (overspecification) in the gas discharge lines downstream of the 
system was the cause of matrix failures in the electrolysis modules. Overpressure 
protection was provided in the unit by relief valves and by pressure switches to signal 
automatic shutdown. However, the settings of these devices were too close to the 
matrix breakthrough pressure. Repeated cycling of the downstream pressure to just 
below this value was, therefore, not detected until gas breakthrough into the electrolyte 
loop was observed. 
6.4 8 
On the basie of the 90-Day Test performanee of the Electrolytic 
the post-test examination of the unit, and the evaluation of the design and operational 
interfaces, the following recommendations are made to improve the design and to 
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enhance the potential flight worthiness of a generator based on the circulating electrolyte 
concept. 
0 
at failed exhibited their first . This indicates that as much 
0 The 90-Day Test experience indicates a definite need for 
man-machine interface. In future applications, a completely 
matic startup sequence is recommended to provide the operator with a 
le switch to actuate the automatic startup and a single switch to achieve a 
manual shutdown. The automatic safety shutdown w a ~  demonstrated to be 
effective and should, of course, be retained. 
0 The sensitivity of the matrix configuration inthe Elec- 
rator to downstream oxygen and hydrogen pressure pulses 
-Day Test. Tolerance to a much wider range of pressure 
variations can be achieved by improving the matrix support structure. It is 
also recommended that a wider margin of safety in the overpressure switch 
and relief valve se 
0 The experience of the 90-Day Test emphasizes 
cept that does not require breaking into electro- 
lyte lines. Furthermore, the need for modular isolation is evident. In the 
c Oxygen Generator, a redundant module was provided and provision 
for turning the power to each module on and off individually. It was 
however, to shut down the entire system to isolate or remove a 
module. It is recommended 
vide individual, self-contained hydraulic assemblies, with no electrolyte lines 
the maintenance concept to be pursued pro- 
0 The electronic circuitry required for the eontrol and 
safety functions in the electrolysis system can be made more reliable through 
s and sensors 
8 ,  temperature- 
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This program w m  successful in demonstrating the viability of the circulating electrolyte 
electrolysis system concept, in providing significant data on hardware and system inte- 
gration, and In delineating design improvements that will enhance the flightworthiness 
of this technical approach, 
Seventy days of automatic operation of the Electrolytic w g e n  Generator demonstrated 
the capability for long-duration operation. Automatic control of water balance, tem- 
perature, phase separation, and gas generation rate was accomplished. 
Zero-gravity devices were designed under this program to make the Electrolytic 
Oxygen Generator operation gravity independent. There was not sufficient development 
time to incorporate these devices into the unit for the 90-Day Test, but they have been 
successthlly tested under another program. 
Design improvements which are indicated include automating the system startup, re- 
ducing the interface sensitivity, utilizing a modular maintenance concept with individual 
self-contained hydraulic wsemblies, and improving the electronic controls. Design 
and development efforts in a company-sponsored program have yielded a substantial 
reduction in the system interface 
been evolved in a preliminary design effbrt in Contract NAS9-10405. (@ 
nsitivity. A modular maintenance concept has also 
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Olcott, T., aad Conner, W., Yl%irty-Day Performance and Reliability Test of a 
Regenerative Life Support System, 11 presented at the 19th International Astronautics 
Conference, New York (Oct 1969) 
Greenough, B.M., ??The Development and Preliminary Design of an Oxygen-Nitrogen 
Generation System," NASA CR 66940 (Jun 1970) 
Greenough, BBM,, and Olcott, T.M., '?A Spacecraft Electrolytic Oxygen-Nitrogen 
Generation System, f f  ASME 70-AV/Spt-15 (Jun 1970) 
Greenough, B.M., ??The Development of a Noncryogenic NitrogedOxygen Supply 
Technique,?' NASA CR 114912 (May 1971) 
Greenough, B.M., ffPreliminary Design of a Space Station Electrolytic Oxygen- 
Nitrogen Generator, ? ?  LMSC-A977498 (Mar 1971) 
3. 
4. 
5. 
6. 
8-1 
An Electrolytic Oxygen Generator based on the circulating electrolyte water electrolysis 
concept wm developed and built as a backup electrolysis unit for the NASA-Mclhnnell 
Douglas DO-Day Manned Test. This generator, operating in an automatic mode, supplied 
hydrogen and oxygen to the mamd chamber environmental life support system for 70 
days of the 90-Day Test. Desi@ improvements identified as a result of this program 
enhance the viability of the design concept and improve the flightworthiness of the 
generator. 
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B-i 
Shutdown 
Auto. Man. -- MDAC Log Diagnosis/Comment 
X 
Test 
Day 
1 
-
2 
1 
inoperative. hterface test support 
equipment failure. 
MDAC chiller being worked on. 
LMSC unit in standby mode. 
3 Unit on chamber part of day. On line - 
4 Module No. 1 H2 H2 leakage detected below Mod- X 
leak. Unit shut ule 1. Component failure. 
down. 
startup. switched to primary. 
off-restart unit. failure . 
Cut off Module 1 Current to Module 1 decreased to 
not producing. 20 amps. Mod. 1 switched off and 
Spec 02-Mod 4 on. Mod. 4 switched on. Current re- 
5 Unit on chamber System leak checked and then 
Power supply cut Interface test support equipment X 
gulator malfunction. 
6 Power supply cut biterface test support equipment X 
off. Restart unit. failure. 
Leak i n H  side A fitting had not been tightened 
discove rei; fixed. 
Unit back to cabin. 
Actuated Mod #1 
(#4 still on) in 
attempt to keep up 
with O2 demand. 
aiiter a previous inspection. 
Operator error (LMSC) 
Interface test support equipment 
problem. 
A line in the chamber to the annulus 
was left open and the two-gas con- 
troller increased its set 
awed an excessive de 
4 
causing over- temperature shut- 
down. Operator error  (MDAC). 
X 
B-1 
Test 
Day -
7 
8 
9 
10 
11 
MDAC Loa: 
Unit shutdown 
automatic ally . 
(Mod #2 circuit 
breaker). Re- 
started each time 
Mod. #2 circuit 
breaker would shut 
it off. 
Unit started with- 
out Mod. #2. Then 
got Mod. #2 going. 
Unit shutdown= 
overtemp on Mod. 
#2 (switched to 
Stuart Elec.) 
Restarted unit-shut 
off Electrolyzer H2 
chamber) . (02 still to 
Secured Mod. #1 to 
overcurrent. 
Lost power Supply 
Power restored and 
unit put back on 
line. 
Unit shut down. 
LostMod. #l. 
Switched #4 on. 
Operator error  (MDAC) . 
Incorrect startup without 400 Hz 
breaker on caused N2 p 
W20 feed line-water line primed 
and then okay. Interface test 
rt equipment failure. 
Interface test s 
failure. Cool 
quate; cooling supply tempera- 
ture at 580F instead of required 
45QF. 
Current regulator problem. 
Interface test support equipment 
failure. 
Interface test support equipment 
failme. 
em. ed 
shielding, 
Current on Module lA decreased to 
2.0 amps. Module 1 turned off and 
Module 4 switched on. Current 
regulator problem. 
Shutdown 
A&@. Ma?&. --
X 
X 
X 
X 
X 
X 
B-2 
Test 
12 
- Day 
Shutdown 
Auto. Man. --Diagnosis/Comment 
X 
Buna-N valve seats not good for 
continuous service. New seats 
are Viton. 
System off, awaiting delivery of 
new valve seats. 
13 
thm 
17 
18 
& 
19 
20 
21 
22 
23 
24 
25 
MDAC Log 
to backup often). 
Shutdown. 
Unit on line. New 
power supply. 
Mod. 2 hi-temp 
light on. Restart. 
Automatic shut- 
down. Mod. #2 
overtemp. Re- 
started. 
Shutdown-ove r- 
tempMod. #2. 
Restarted with 
Mods. 1, 3,& 4. 
Removed temp.. 
switch on Mod. 
#2. Started #2, 
put #4 on standby. 
. 
System on. In standby mode. 
System on and being used inter- 
mittently as primary mit. 
instead of required 450F. Inter- 
face test support equipment 
problem. 
on Module 2 drifted. Component 
failure. 
Coolant supply temp 60 to 6Z°F X 
Overtemperature switch setting X 
Overtemperature switch setting on X 
Module 2 drifted. Component 
failure. 
On line - primary. 
Recommended action. 
X 
26 
thm 
29 
On line- primary. 
B-3 
Shutdown 
x 
31 
32 
33 
34 
35 
thru 
38 
39 
40 
seem to be getting 
power. Switched 
to Stuart unit. 
Unit restarted. 
Noted that O2 com- 
pressor output 
pressure has begun 
oscillating excem- 
ively Compressor 
making intermittent 
rattle. 
Noted that %igh 
mode?' timer failed 
to go into 400's. 
Went from 399 to 
300. 
"High mode*' timer 
again failed to go 
into 400's. Went 
from 399 to 300. 
Balanced electro- 
lyteflowto ' 
modules, 
Facility power 
Automatic shut- 
down due to low 
electrolyte vol- 
ume. Switched to 
Stuart unit. 
On line - primary. 
Gage snubber htd come loose. 
No effect on system performance. 
On line - primary. 
No effect on system performance. 
On line - primary. 
No effect on system performance. 
Interface test support equipment X 
fahlrce. 
Startup without water feed contml 
properly energized. Operator 
X 
B-4 
Shutdown 
Auto. Man. -- 
Test - Day 
40 
(cont. ) 
41 
42 
43 
44 
45 
thru 
47 
W A C  Log: DiagnosidC omment 
Ft. 
Restarted Mods. 2, 3, 
and 4. Mod. #4 logic 
board not plugged in 
tight - had trouble 
going from Wandbyft 
to "On. ( (  
Unit on line to cabin. 
Automatic shutdown Component failure. 
due to indicated over- 
temp. condition on 
Mod. #4. Disconnected 
overtemp switch as it 
was thought to be bad. 
Restarted unit and put 
back on line. 
On line - primary, 
((High modef1 timer 
still failing to turn 
over to 400. 
Noted reduction in 
H flow from unit in 
d g h  Mode. Flow 
meter reading now 
53% versus 59% 
previously. 
X 
X 
B-5 
Test 
Day 
45 
thru 
47 
(cont.) 
-
48 
49 
50 
thru 
53 
54 
W A C  Log 
leak. Swiitched to 
Stuart unit. Re- 
pairs made to Mods. 
1,2, and 3. Re- 
placed temp. switches 
2 and 4 and added new 
electrolyte. 
Unit restarted and 
put back on line. 
Noted erratic current 
readings on Mod. 3. 
placd. Modules 1 and 3 were 
repaired. Module 1 had shorted 
on Day 40 and Module 3 w88 
gassing on Day 45. Component 
failure. 
On line - primary. 
On line - primary. 
On line - primary. 
Noted that Mod. 3A 
current has been 
fluctuating between 
10 and 12 amps. 
On line - primary. 
55 On line - primary. 
56 
57 Facility power supply Interface test support equipment 
cut off. Unit re- failure. 
started after approxi- 
mately 1 hour. 
58 Noted drop in Mod. 3B On line - primary. 
Temp reading up to Gterface test s ent 
70°F due to cooling failure. 
cart temp increase to 
51°F. Switched over 
to Stuart unit & vented 
Lockheed unit. 
Shutdown 
Au~Q. -- 
X 
X 
B- 6 
Test 
Day -
58 
t* ) 
59 
to cooling cart 
filter changed. 
Unit restarted. 
Shut down - cause 
notknown. Unit 
restarted. 
Automatic shut- 
down due to low 
electrolyte volume. 
Switched to Stuart 
unit. 
Attempted to re- 
start; however, N 
supply solenoid vave 
stuck closed and had 
to be repaired. Unit 
back on line. 
60 Automatic shutdown. 
Cause unknown. 28 
VDC logic power 
supply not working. 
Switched to Stuart 
unit. New control 
and logic power 
supply installed. 
Unit restarted. 
wn. 
e te 
failure. 
Probably due to intermittent 
failure of internal 28 VDC 
power supply - see Day 60. 
Component malfunction. 
Incorrect startup procedure. 
Operator error. 
Component malfunction. 
Component failure. 
Shutdown 
Auto. Man. -- 
x 
X 
X 
X 
x 
B-7 
Test 
power than the 
originalunit. In 
order to maintain 
the auto shutdown 
and safety circuits 
involved with the 
28 VDC power 
supply, a 115 VAC 
relay (coil) was 
connected to the 
115 VAG line from 
the Lockheed unit 
and power for new 
power supply routed 
thru the relay 
contacts 
Unit was then 
restarted. 
Noted that both high 
and low mode lights 
were on at the same 
time for a short 
period. 
Magnosis/C omment 
61 Automatic shutdown Cause unknown. 
due to high oxygen 
pressure. Unit 
restarted. . 
62 Qn line - primary. 
popped. Gas bubbles 
noted in Mod. 2 
liquid circulation 
line. Rebuilt mod. 2, 
cleaned and reinstalled 
plumbing. 
Shutdown 
Auto. -- 
x 
X 
X 
x 
B-8 
Diagnosis/C omment 
Test 
Day 
67 
- 
Shutdown 
Auto. Man. --
68 Noted gas bubbles Interface test support equipment 
in electrolyke malfunction. 
discharge lines 
from all modules 
H back pressure 
l f . 3  psig, 02 back 
pressure 9.0 psig. 
High Hz back 
pressure due to 
high venting rate 
of H (Sabatier 
at this time due 
to high temp) 
and fixed orifice 
in H2 wet test 
meter. 
H2 B ow reduced 
H2 vent valve cracked 
temporarily while H2 
accumulator pressure 
relief valve setting 
was reduced. 
Noted that with 
reduced Hz relief 
valve setting (9 psig), 
there are only infre- 
quent bubbles in 
electrolyte. 
69 
70 
71 
72 
On line - primary. 
B-9 
Test 
EvlDAC Lag - 
73 
circulation loops of 
Mods. 1, 3, & 4. 
Switched to Stuart 
unit. Unit dumped 
approx. 1 liter 
KOH solution due to 
Nz getting into 
liquid side of matrix 
and purging all 
electrolyte ? 
reservoir. Disassembled 
gas plumbing and cleaned 
out all KOH. Checked 
performance of all sole.- 
noid and relief valves. 
Drained all KOH out of 
unit. 
74 Disassembled and 
rebuilt Mods. 1, 3 and 4. 
Shutdown 
75 Unit shut down for Isolated Mod. 3. Not repaired. 
further repairs to Mod. Error in repair on Day 74. 
3. Bubbles still existed 
in liquid side caused by 
misalignment during 
assembly and by 
attempt to straighten 
with compressive force 
on tension bolts. 
Unit back on line on 
Mod. 1, 2 ,  & 4. 
76 
(720 
amp). Voltage reduced 
to 20 VDC. Cause 
seemed to be in elec- 
trical circuits and not in 
electrolysis module. 
X 
X 
B-10 
77 
78 
thm 
80 
a i  
t&U 
90 
Unit back on line. O2 
delivery less than 
required by chamber 
demands and currents on 
all three Mods. (partic- 
ularly Mod. #1) are un- 
stable and fluctmting 
excessively. 
Excessive O2 demand. 
Unit shut d o n .  
Mod. #1 circuit 
breaker opened. 
Appeared to be exces- 
sive cell voltage on 
Mod lA, Cell  8. In- 
creased from 1.89 volts 
at 2300 to 2.25 volts at, 
2400. No overflow of 
electrolyte noted. 
Current regulator malfunction 
Unit back on line. 
Operation satisfactory . 
Adjusted all c 
pots to 12.5 amps. 
Average had been 12.0 
amps. Noted ammeter 
fluctuating on all 
modules. 
On line - primary. 
de . 
O2 demand. 
Shutdown 
X 
B-11 
